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THE EFFEGCT OF CLEARANCE DISTRIBUTION OW THE PERFORMANCE
OF A COMFRESSION-IGNITION ENGINE
WITH A PRECOMBUSTION CHAMBER

By C. S. Moore and J. H. Collins, jr.
SUMMARY

The clearance distribution in a precombustion chamber
cvlinder head was varied so that for a constant compression
ratio of 13.5 the spherical auxiliary chambers contained
20, 35, 50, and 70 per cent of the total clearance volume,
Back chamber was connected to the cylinder by a single cir-
cular passage, flared at both ends, and of a cross—-sec—
tional area proportional to the chamber volume, thersby
giving the same calculated air-flow velocity through each
passage. Results of engine-performance tests are presented
for esch of the four clearance distributions to show the
variations of powsr, fuel consumption, explosion pressure,
rate of pressure rise, ignition lag, heat loss to the cool-
ing water, aund motoring characteristics.

For good performance the minimum auxiliary chamber
volume, with the cylinder head design used, was 35 per” cent
of the total clearance volume; for larger volumes the per-
formaance improves but slightly. With the auxiliary chamber
that contalined 35 per cent of the clearance volume there
were Obtained the lowest explosion pressures, medium rates
of pressure rise, and slightly less than the maximum power.
For all clearance distributions an increase in engine speed
decreased tie ignition lag in seconds and increased the
rate of pressure rise.

- INTRODUCTION

The precombustion or anxiliary chamber with forced air
flow for mixing fuel and air is one of the general céombus~
tion-chamber types used in compression-ignition engines.
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When designing a precombustion-chamber cylinder head the
influences of the variations of the different elements
_ghould be knéwn: - The precombustion-chamber position, vol=
ume, and shape,"and the connecting passage area, shape, and
direction have béen subject to vearied ‘dgsign treatment.

The distribution of the clearance between the precombustion
chamber and the cylindetr 1s one of the fundamental varia-
bPles whose effect should be determined. Theoretically, the
volume of the-precoxbustion-chamber, or weight-of air in 1%,
should control the amount of precombustion if ingection is
confined to the chamber.

Experimental work on high-speed compression-ignition
engines with precombustion chambers has been done at this
LTaboratory by Joarhim and Kemper (reference 1) and Spanogle
and Moore (reference 2). , . Y

The work presented here 1is an experimental investiga—
tion -of #4he  effect of clearance distribution between the -
auxiliary ‘chhamber and the cylinder for the same relative
passage restriction and compression ratio. This work was
, done during 193l by the National Advisory Committee for
"Ae*onautics at Langley Field Va. -

Ve bLowse- -- .
L S &

APPARATUS AND METHODS

- The single~-cylinder test engine unit with electric dy-
“namometer shown in Figtre. 1 was used in this series of tests
The engine is 4-strvke-cycle, compression-ignition, of 5«
inch bore and 7-incéh stroke, and has the standard Liberty
valve-actuating mechanisgm and valve timing, An N.A.C.A.
universal test engihe base and cylinder were used which al-
lowed the compression ratio to be held constant as the
clearance distributlon was changed. The fuel-injection
equipment (as in reference 2) consisted of s primary gear
pump, and a cam-operated, constant-stroke, fuel-injection
pump that delivered fuel to0 a spring- loaded injsction valve
having a single 0,050-inch-diameter orifice. A ftiming mech-
anism permitted the injection advance angle to be varled,
Two types of injectionrvalve stems were used, a plain stem

. glving a narrow spray ccne and a stem with two helical
grooves of 23° angls, which gave a cone .of more widely dis-
”persed @pray. B I U - -
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The auxiliary hestinv equipmenﬁ was tne same as for
the work of reference 2 except that the balanced~pressure
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apparatus (reference 3) was used to measure the maximum
cylinder-and chamber Pprésgurss-and the-improved Farnboro
indicator was used fo. 0btain indicator-cards. (reference 4).
In'this work, temperature: measurements were made in both
the chamber and cylinder by means of a 0. 020 inch:un-.
shielded chromel-alumel thermocouple. The hot junction of
the thermocounle, the' locations of which are shown. in Fig-
ure 2 ertended about 172 1nch into the combust;on spacer

The cyllnder head (fig. B)used for these tests is so
constructed that the two pieces forming the precombustion
chamber and connecting passage are removable without dis-

" turbing other parts of the engine.. By the counstructiom aud
assembly of different chamber parts and adjustment of the
compression ratio ©f the universal test ‘engine, -this cylin-
der head 'is easily adaptable to .the .investigation of a va-
rlety of combustlon-chamber forms.

In this work the combustion—chamher form was not cho—
gen to give maximum engine performance, but was designed
80 that the clearance counld be transferred from cylinder to
chamber with a2 minimum change in the shape of the combustion
space. The -cylinder clearance vwolume (ses fig, al.wasﬁ
formed between the domed cylinder head and -the domed piston
crown. The auxiliasry chdnber clearances were .spherical and
contained 20, 35, 50, and 70 per cent of the total clear-
ance ‘for a coupression.ratio af 13.5. TFor .convenience-of
reference thess clearance distributions will be called the
20, 35, 50, and 70 per cent chambers. :

-The connecting.passsgeés:were circular in croess section,
of constant length/diameter ratio, and were flared at both
ends. The cross-sectional area.of each, of the four passages
was designed to be proportional to the guxiliary chamber
volume. The passage dianeters were 23/o4 15/32 9/16 and
43/64 inch for the 20, 35, 50, and 70 per cent chambers,
respectively. At the same engine speeds for each.of the
four clearance distributions, the calculated air velocities
through the-passages were the. same, The passage axls passed
through the centers of the sgheres and intersected the cyl-
inder axis at-an angle of. 45 . The.air flow - in each of the
four combustlon chambers was directed counter to the fuel
spray. : . : . i .

The cooling water euntered ‘around the ‘bottem of -the cyl-

inder head. Part of the water rose and was discharged
through an outlet <4n the top of the head; the .rest passed
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around the chamber and through an outlet in the chamber
cap. Thermometers were located at the inlet to the cylin-
der and head and at the outlets from the cylinder, head,
and - chamber cap. e e = -

3]

'The 'standard condiftions of testlng wera_kept constant
.except when taken singly as variables. TFor convenience of
reference, the conditions which were congidered as standard
are.tabulated below. - -

Engine épeed e e e e e 1,500 f,jﬂm.
Compression ratio (each clearance dis- —
tribution)e + .+ + 4. . o+ . e e 4 . W . < . T1B.B

Pael » . . « + « « « « « +« « « Diesel engine fuel, 0.847
specific gravity, 41
seconds Saybolt viscosity
at 80° F..

.Full-load fuel gquantity. . . ;'ﬂ ;', « « . . 0.0003 1b,
- (12 per cent excess air) ' per cycle’
. (85 per cent volumetrlc eff101ency)

Ingect1on period (at 1,500 r.p ., obtaiﬁeé
by S'er'bOI‘ama) ‘e . . . . . . . . . . . 200 crank-
— e e - shaf?t

-Injection advance angle (at 1,500 r.p.m.) . 7° B.T.C.

‘:Spraj“type i+ « 4 + « « e« .« . . . Nomcentrifugal

; Ngzéle type. . . . . single orifice, 0.050 in. dféﬁeééf_
Fuel_valve_position . . upper chamber hole_
Valve opeﬁing pressure . . 3,500 T, per sé?lin{"
Fuel ﬁempéraﬂuré DR T LA
Engine lubricating 0il temperature (out) .140° F.

A0

Goollng water temperature (out) e o .. 1707 F. .

..Temperature of. inlet air._. . ..; o e ; .-’950 F.

i
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The test procedure was the same for each clearance
distribution. The compression ratio. was checked and the
following: mbtoring ‘Gata, taken.v The f.m.g.p.-was computed
from the scal®d ‘reading’ takeén while’ the dynamometer W8S mo-
toring the engine. Compression .pressures. were. obtained
- from both cylinder gnd - chaﬁber over. a speed range of 600 to
1,800 r.p.m. with both, the balancedvdiaphragm maXximum pres-
sure indicator andthe" Farnboro in&icator ‘sqiipment. -
double:izdicator card at l 500" T.p.m.. Was obtained by fak-
. ing the chawbeér and’ cylinder recofds on . the same sheet of
paper. Lotoring’ temperature readlngs at 1 500 . r.p m. yere
taken in the chamber and cylinder for al} chamber s;zes
tested.. ----° - . e waemE e et s

Foa gt e

Power-test data were obtalned of b - P explosion
pressures in ‘chamber #nd ¢ylifder, fuel consumptions, and
heat losses to cooling water. Thermocouple temperatures
were obtained for each chamber and.gylinder at standard
conditions and also at 900 and 1, 208 *.p.m. for the 50 per
cent chamber gnd cylinder. These data were taken at the
standard fuel gquantity over a. range, of, speeds, from 600 to
1,800 r.p.md." Indicator cards were also teken from the .cham
ber 'and .cylinder dnring these ‘variable-speed tests. TFrom
the indicator cards’ the 1gnition iags and rates ‘of pressure
rise were measursd. The 1gn1t10n lag ig. consaderei in this
report as. the time. in seconds from the start of. inJection
of fuel a¥ observed w1th a’ Stroborama to. the beginning of
‘pressure -rise die to combustion as shown by inspectlon of
the indicator card.’ 4% standard fuel quantity and .engine
speed; performance tests Tere made to determine the.effect
of injection characterigtiecs. Valve—OPening pressures of
2,000 and 5,000 pouhds per square inch were used. ¥With
standard conditions a test was made to determine the effect
of using"s centrifugal spray. A test was also. made at -
standard conditidns using the’ noncentrifugal spray,in the
lover hole of the chamber cap. In addition to the tests
made at full load, similar data were obtained for. egch .
clearance’ distribution at half load 1,500 r.p.m.. Also at
1,560 r.p.m+s, the fuel quanti*v at the start.of exhaust-
flame was-0obtained for sach clearance &istribution by slow~
ly increasing the- load until a trace of flame apbeared in
the exnaust. : . .

More detailed: combustion anﬂ heat loss data were Obr
tained from the 50 per ceat cnanser because it had been
uged previously for a 'series of tests._ During the testing,
the barometric pressure varied from 29.49 to .30.40 .inches
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of mercury, the snglne . power ~dd by however, were ‘not corh
rected .t standard ;ressure and temperaturé. : R
-, 4t R L T SR
For all tests the general englne-operating characterJ
istlcs were noted. fecondgry tests were ‘made to determlne
the, ;tarting and  idling. charactieristics. The starting tests .
were mads, ln the following munner: " with the ehgine ‘cold - T
(about 0%, F.): it was given: two. revolutions with the dyna-,
mometer._ If it 4id pot. start during thres such attempts,
it was, motared al: speeds. starting at" 300 r.p.m. and increasg~
ing unt11 the minimum starting speéd:was reiached. These _ o
tests were repeated with the engine immediately after nor- =
mal power operation. The engine was tested for slow speed B}
operation, by, @etermining whether or net it would idle at L —__ &
300 .r. p m.,'_~~a”., S DL N - - - i - TR

TEST. RESUL@S AND Dzscusszou ' CoEn o

.. Starting and idlingu- The starting'chardcteffsfiés'of
the.engine: changed with eachof the different chambers em- . '
ployed. None of the-chambers gave ‘gtarting on two revolu~" o
.tlons .of the granksbaft when edld; but ‘starting was possi- L
hle with all four-of the .chadbérs : immediately after normel - .
power operation.; The rminimum stgrting speed (compression
pressure, ;390 pounds per.squaré ‘inch) ‘of the 20 -gnd 70 per )
cent chambers when celd'was 300 ‘r,p. m., thoge of the 35 ‘and L
50 per cent}chambers were 800 and 600 .r. .m.,-respecﬁively._

Thae, cold starvting speed when using the centrlfugal spray in‘
the, 50 per cent chamber was 700 r p m., _ -

- .o . '

o The idling characterlstics were the same for all the i
chambers, idllng at 300 r.p.m. being obtainaﬁle, though un—
steadv. SRS ;.._ T R R T T 15 DY SPUtib M _»- ' _ .. R

-E e .;-.__.: = . L

" Migs - to knogk renge.- The inaectlen advance angle
range, from misfiring . tp allowadlse. knockipg was negligibly _
affected by clearance distributisen when’ éperating at stan~‘"
dard test conditiens, With:the:fusl: Valve in"the 1ower ‘hole
of "the .20 . per cean} auxiliary- chambayr the" operat1ng range in-
creased from 120 to 27°, but the power decreased-and the
smoke and flame of the exhaust increased The standard in-
jection .advance .angle..of 7% at 1,500 r.g.ms gave & start of .
pressure rise which vwaried from:T.C. to 30 A.T. G. for all
clearance dlstrmbutione, as determified by inspectlon of 1n-]

Fiey w2

dicator cargge oo o Loyt Srmwmenn i - E

Table I, which follows, presents further notes on the
englne-operating charscteristics.



TABLE I

" GENERAL OPERATING CHARACTERISTICS

20 per cent

35 per cent

70 ger cent

Operating - 50 per cent
characteristics chentbter chemter . chamber chambsr | -
- Dull 1 8light Hard Farder
De =
Gomd. smock Regnler Irreguler Irregular Irregular

Cyelic veria—
tion in mex.

Chem. 300 1t./sg.in.

Chem. 200 1t./sq.1n.

Chem. 140 1b./sa.in.

Cham. 90 1b./sq.in.

exnlosion Cyl. 100 1b./eq.in. Cyl. 100 1b./sg.in.| Gyl. 130 1b./sq.in.|Cyl. 140 1lb./sg.in.
T™ese. : i : : ;
Injection o o . -
rezge, miss to | 12 8 10%, 10
gllometle .
knock
Carbon £q- Chem. - much - Ghaﬁ;a;ogt and Chem. - soot Chem. - Boft sOOt
posits Cyl. — little . |, e Cyl. -~ soot OyLl. - soft soot
. Cyl. — soot, : , . B
Centrifuzal Enock and perform- | Knock and perform- |Knock and perform- |Enock and perform-
spray comaersd ance slightly | ance worse’, * -| ance, worse ance slightly
to noncentrif- worse ' ' better -~
ugal spra; :
Lower fiel i . _ .
valve position | Performance worgs | Performance worse . Performance worse

compared te. -,
upper position

I.A.A, range. 27

¥o change

Optimum:v. 0.7 .

‘3,500 1b./sqg.in. "

‘Best

5,000 1t./sq.in.

5,000 Th./sq.in.

3,500 1b./eq.in.
S5lightly better

Slightly Better =

| S1lightly better

"V'O'V°H

180 FUYDNo L

930K

oM
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Effect of clearance distribution on epgine performance.-—

Figures 3 and 4 show that for the design of precombustion
chambers used in these tests, the minimum volume in the aux-~
iliary chamber for good performance is about 35 per cent of
the total cleerance ¥olume. The ifAferior performance with
the 20 per cent chamber can not be attributed to the non-
ceatrifugal spray deépositing fuel on the wells, because the
céentrifugal spray which had insufficient penetration to hit
thé wallg gave slightly worse performance. More power was
obtained with the larger chambers, because of the greater
quantity of air ready for initial combustion. The air in
the cylinder, being distributed over the piston crown, can
not be effectively reached by the urnburned gases issuing
from the chamber and therefore does not materially ssslst
the combustion process. : - )

The connecting passage size evidently throttles the
passage of burning gases during combustion more than it
does the passage of air during compression. This result 1is
indicated by the chamber exXplosion pressure being higher
than the cylinder pressure with thé small chambers. TFor the
larger ‘chambers with correspondingly larger _passages the ’
chamber explosion pressures are more nearly egual to the
cylinder pressures. If the proportion of alr in the auxil-
ia?y chamber alone were controlling the explosion pressurs,
the smaller chambers should have the lower pressures be-
cause theoretically there would be insufficient air for gen-
erating high combustion pressures. o

Effect of clearance digtribution op combustion charge—
teristics.- Figure 5 showg that clearance disjribution does
not have an appreciable effect on fgnition lIag. This re-
sult may be expected, as the condifions of temperature,
pressure, and flow velocity were held constant during the
tests. The figure shows that the difference between the
time of sbtart of pressure rise in the chamber and in the
cylinder ig very small. )

Toér all clearance distributioxds the pressure rises are
straight lines (see figs. 6a and 6b) aund of such high rates
that -it is impossible to measure thHem accurately; the nu-
"merical values are therefore only approximations. The trend,
as the percentage distribution increases, is for the auxil-
iary chanber raté to decrease and for the cylinder rate to
jnoresse and then decrease. The larger chambers containinpg
more air should give a Ffaster rets of pressure rise because
the fuel and air mizxture would have more nearly the correct
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proportions for completé combustion.  As the opposite oc-
curs, it indicates that the.passage size is . influnencing the
rate of pressure rise,. the larger passages of the ‘larger
caambers allowing .the gases %0 pasd more freeoly. imto the
cylinder. '

The temperatures indicated by the thermecouples in the
chamber and cylinder were indicative of the relative tem~
peratures. The indicated :combustion temperatures of :the
cylinder were nearly the same for all combustion chambers
showing that clearance distribution had no effect on thas
cylinder combustion. The combustion temnerature of the
chamber incresses with increasing chamber .size ;Becauvse af
"the greater amount of air in the chamber avallable for com—
‘bustionvs : . T T P S -

The improvement in.exhaust conditions which woécurs

with increase of chamber propdrtions . is.caused by more air
being availagble for initial mixing 'in the auxiliary cham—
ber. Decrease in the rate of improvement -with increase of
clearance distribution in the auxiliary chamber above 35
per cent is due to the combination of .spray shape and air
flow as used in these combustion-chgmbeér forrs. -This com-
bination allows & maximum of approximately 35 per cent :o0f
the fuel to.be mixed with air for efficient'combustion.
The remaining fuel 1s consumed elther very late or not at
all, . R : :

Bffeéct of clearance ‘digtribution on heat loss to .cool-
ing water.- Figure 7a shows that incresse.in: caamber vgdlunme
causes the total heat loss to the zooling water %o increase
from 20.5 to 28.5 per cent. This increase is due t0 the
higher combustion temperatures in the chambér -and also-to
an 'increase of gpproximately 10 per cent in the total com-
bustion chamber surface area. It should be noted.that the
total heat loss for this auxiliary chambver type of engime
ig less than that usually accepted for spark-igmition en-
gineés. The amount of heat loss from the grkamber cap in-
creases with chember volume and surface, whereas the amount
of heat loss from the head dscreases. As more combustion
occurs in the chamber with increased volume, the cylinder
heat loss decreases. The similarity in shape of the 'cham-
-ber cap + head" curve (fig. 7a) to the b.mie.p. curve of
Figure 3 should also be 'noted. "As the b.m.e.p. increases
+the percentage heat loss to thé cylinder head ‘increases and
the percentageé loss “to the eylinder decreases. .These re-
sults indicate that the clearancée .disiridbution of the 20
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per cent chamber causes late inefficient burning in the cyl-
inder. The chamber cap and head together 1dse mord heat
than the cylinder because of the higher temperatures ‘and. ¢
1onger.t1me available for heat transfer. . —
. Pigure 7b shows that for Ihe 50 per cexnt chamber the
percentage heat.losses to. _the’ cooling water are bt slightly -
influenced by anection advance .angle or engine ‘speed, but .
are influenced. 0 a greater’ degree 2y fuel quantity,“.‘c,, -

Effect of . clearance dlstribution on motorlng ‘chafgc— - _ —
teristics.~ Figure 8 shows that the motoring charactérisg—
tics remain nearly constant as the clearance distribution.
varies. Because leps. air is moved fthrough the passage for
the smaller chambers, the. f. m.e. p.,should be 1lesé; the de~
crease in f.m.e.p., however,. is slight® Therefore, the 7
work of. moving the alr into. the chambers 1s vat a-c Begligi-
ble part of the total friction loss, 'The' maximum indicated
compression pressurés, are higher ih the- chaftbers ‘than ‘in:
the cylinder, as was previously reported for the‘same type
of combustion chamber (Reference 2.) ‘The verist¥oh in .
compression pressure between the four chambers is ‘probadbly
due to experimental error’ although the upward trend of the
cylinder pressure curve is possibly caused by ‘the increase
in thé effective cylinder compression ratio as the chamber
proportion increases. The indicated air temperature of the
chamber is higher than that of the cylinder, possibly De- -
cause the chamber air is heated by friction on béing forced
through the passage .0r .because the thermocouple is partly
shiselded from the Ainlet air. I -

...If.i & ol

_ Thirty-five per cent .chambers - The 35 per ceat cham-
ber in which the weight of air would be less than 35 per
cent due to-throttling of the air by the throat, approaches
the clearance distribution which would give the partial
combustion required by the precombustion pr1ncip1e.- ‘There
is only enough gir in the chamber to allow %5 per cent of
the fuel to burn in the chamber and to expel the remaining _
"fuel into the cylinder. , The test tesults show that for
this chamber volume thers is’ some, combustlon control asg. in~ L
dicated by the low explosiOn presSures.” . o

The combust*on knpck is slight and the rates of pres-~
sure rise as determined from ‘the 1ndicator ‘CBrds are com- o
paratively low and nearly thse same for the ‘Chamber and cyl-
inder. The heat loss to the cooling water is also small,
being only 21.per ceat of the total heat input. Comﬁaring
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the above characteristics with those of the other chamber
sizes tested, it can therefore be seen that the 35 per cent
chamber digtribution gives the best combustion conitrol with
a minimum sacrifice in power. :

Effect of speed on mean effective pressures, fuel con-
samption, exnlosion pressure, and motoring chargéteristics
Lall chaubers). ~ Figure- 9 shows the general effect of en-
gine speed and air-flow velOC*ty on m.e.p. and fuel con-
sumption. _The effect 1s. nearly the same for all the cham-
bers with the optimum speed varying from 800 to 1,200 r.p.m.
The larger chambers, because of a more intimate mixture of
a larger. quantity of fuel and air, developed the most power
and the best fuel economy. It is believed that the great
difference shown by the curves for the 20 per cent chamber
was caused by insufficient air in the small chamber.

The explosion pressures of all chambers (fig. 10) in-
crease with speed because of the better mixing of fuel and
air and resultant faster burning. As the engine speed'in—
creases the air-flow velocity increases and the fuel-spray
dispersion increases slightly, thereby promoting better
mixing. The 20 per cent chamber with small passage area
confines the pressure to the chamber, giving the high chan-
ber and low cylinder pressures as shown.

Figure.ll shows that the variation between the f.m.e.p.
of the different chambers is negligible. The compression
pressure peaks at approximately 1,500 r.p.m. because of the
induction. system characteristics. The pressuré differences
between chamber and cylinder vary but little for the dif-
ferent clearance distributions and indicate that the re-
.strictions of the passages to the compression of the ajir
are nearly coanstant. .

Effect 0f speed on combustion characteristics (50 per
cent chamber).- Figure 12 shows that enginse- speed has
marked effects on the combustion characteristics of the B0
per cent chamber. Cards from the other three combustion
cnambers gave treads similar to those shown in Figure 12.
As tue engine speed increases the velocity of air flow in
the passage increases and the mixing of fuel and air in the
chamber is more complete with more rapid combustion and
higher rates of pressure rise. The successive engine cy-
cles varied as the enginc sonnéd clearly indicated, so that
the polnts on the Faradoro indicator cards are widely dis-
persed,, especially at thke pressure peaks.: The rates of
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pressure ‘rise obtained ‘are the maximom, since only the Jead-
‘ing polnts are taken. Apparently the rate of pressure rise
“'and ¥nock do not vary together, because the rates of pres-
sure rise are less at the lower speeds and the combustion
knoak audiblllty remamned constaﬂt.

pe

e

The p01nt of start of pressure rise is dependent upon
“the inject.ion advance angle which is the -earliest permitted
b"fallowahle knock intensity. The start of presaunre rise
_varies from approximately 10° A.T.C. at 600 r.p.m. to 2°

'LLA T, CL.) at 1,800 r.p.m. . The ignition lag measured in sec-

“jonds 1s reduced one-half by an increase in engine speed
“from 600 ta 1. ,200 r.p.m., primarlly because 0of the better
,fuel and air mlxiné caused by higher velocity ‘of air flow.

The combustlon temperatures as measured by thermoaou-
ples-.in the chamber and c¢cylinder show an increase in tem-
perature with speed., It is believed that this trend towards
higher temperatures at increased speed is due to better com-
bustion caused by the increased velocity of alr flow with

peed. This observation can not be definitely stated be-
cause of the lack. 0f sensitiveness of the thermocouplee used
Cin this work, :

Motoring indicator card. - Figure'la ehdws a double
.indicator card taken at 1,500 r.p.m. when uging the. 50 per

‘- tent chamber assemblv.- The differences between the cards:

from the four clearance dlstrlbutions are smell. Below gn
‘engine speed of 1,000 r.p.m. the differepce_betwegn. the ..} <
chamber afid’ ¢ylinder cards was less. than- the. disper91on of
the poiﬁte on the Faranboro 1ndicator record. In Figure 13
the maximum pressure difference thus indlcated ig 35 pounds
per-square inch at 1,500 r.p.m. The maximum pressure dif-
ference, in favor of the cylinder, occurs at approximately
200 B,T.C. The indicator cards are too indistinct at the
tops to give any information as to the maunmner in which the
chamber pressure finally rises hlbher than Lhe cylinder
pressure. -

CONCLUSIONS

The results of thls investlnatzon show that for the de—
sign of combust1on chamber used in thess tests, the minimum
auxiliary. chamber volume for good performance is 35 Per ceht
of the total clearance volume; for greater percentasges, the
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improvement in performance.ils. slight. This size of precom-
bustion chamber is advantageous bscause, compared to the
other sizes, it has the lowest explosion pressures, medium
rates of pregsurehrise,‘and least combustion knock

The ‘varidtion 1n.precombust;gn chamber volume as thne
cleatrance distribution was varied had a negligible effect
on f.m.e.p., compregsion pressures, and relative compres~
sion . temperafures. Howeéver, this'changé in auxiliary cham-
ber size with the resulting change in"the total surface ex-
posed to the gases of combustion does affect the heat loss-
es to the cooling water and causes them to vary with the
gize of tbe preCOmbustion chamber. :

v

Varlatlon of clearance dlstribution only for a fixed
ratio of pg;combustlon ‘chgmbéer volume to connecting pas-
sage area does not exercise sufficlent control over com-
,bustlon or ellmlnate combustlon knock.- :

Langley Memorial Aeronsutical Laboratory,
National Advisory Committee for Aeronautics,
Laungley Pield, Va., October 26, 1832.
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Fig.7a Effect of clearance distribution on heat loss to cooling water.
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